IMPORTANCE Clinical guidelines have been criticized for encouraging the use of β-blockers in noncardiac surgery despite weak evidence. Relevant clinical trials have been small and have not convincingly demonstrated an effect of β-blockers on hard end points (ie, perioperative myocardial infarction, ischemic stroke, cardiovascular death, and all-cause death).
Invited Commentary
Supplemental content at jamainternalmedicine.com T he effect of β-blockers on the cardiac risk of noncardiac surgery has been controversial for nearly 10 years. Clinical guidelines encourage the use of β-blockers but have been criticized because the evidence is weak. Relevant clinical trials have been small and have not convincingly shown an effect of β-blockers on hard end points (ie, perioperative myocardial infarction [MI] , ischemic stroke, cardiovascular death, and all-cause death). [1] [2] [3] For patients with systolic dysfunction or recent MI, β-blockers have been demonstrated to lower the risk of hard end points, but there is little evidence that β-blockers reduce risk among patients with stable ischemic heart disease. [4] [5] [6] Indeed, a recent large observational study showed no effect of β-blocker use on the risk of adverse cardiac events among patients with stable coronary artery disease, raising the question about the value of β-blockers for patients undergoing noncardiac surgery. 7 The potential benefits of β-blockers during noncardiac surgery must be weighed against the potential risks of bradycardia and hypotension. [8] [9] [10] The purpose of this study was to examine the association of the preoperative use of β-blockers with adverse cardiac outcomes and all-cause mortality after noncardiac surgery in a large, representative group of patients from a nationwide database.
Methods
Medical care in Denmark is tax financed, free of copayments, and universally available to all citizens. The Danish government maintains several registries with health carerelated data for administrative purposes that have been linked for research purposes. We identified in the Danish National Patient Registry all patients with a history of ischemic heart disease who underwent noncardiac surgery between October 24, 2004, and December 31, 2009. We obtained medical diagnoses coded according to the International Classification of Diseases, 10th Revision (ICD-10), and surgical procedures coded according to the Nordic classification system for surgical procedures. We obtained information on all anesthetic procedures from the Danish Anesthesia Registry and included data on body mass index, smoking, type of anesthesia used, American Society of Anesthesiology score, whether the operation was elective or urgent, and the duration of surgery. Surgery was classified as cancer related if a cancer diagnosis was present within the year preceding surgery in the same area as the surgery was performed. We created 17 subgroups of surgery according to the surgical specialty involved and the extent of surgery, as listed in We identified pharmacologic treatment from the Danish Register of Medicinal Product Statistics, in which all claimed prescriptions have been registered since 1995. We identified treatment with β-blockers as at least 1 claimed prescription of β-blockers (anatomic therapeutic classification system code C07) within 4 months before surgery. We also identified treatment with vitamin K antagonists (B01AA0), low-dose aspirin (B01AC06), clopidogrel (B01AC04), calcium channel blockers (C08), angiotensin-converting enzyme inhibitors or angiotensin II receptor blockers (C09), and aldosterone blockers (C03D) by the same method. We classified patients as having diabetes mellitus if they had claimed at least 1 prescription for glucose-lowering medications (A10) within the same time frame. 11, 12 The Danish Register of Medicinal Product Statistics does not contain medication dosage but does include information on strengths and number of dispensed tablets and dispensing time interval. On the basis of these data, we calculated the mean daily dosages of loop diuretics (C03CA01) used at the time of surgery as a proxy for HF severity (up to 3 consecutive prescription claims were considered in a retrospective manner). 13 We collected information on deaths, date of birth, and sex from the National Population Register and on causes of deaths from the National Causes of Deaths register.
Study Population and Outcomes
We identified all patients with a history of ischemic heart disease based on International Classification of Diseases, Eight Revision (ICD-8), codes of 410 to 414 or International Classification of Diseases, Tenth Revision (ICD-10), codes of I20 to I25. We created 2 cohorts according to the presence or absence of HF, defined as an ICD-10 code of I110, I42, I50, or J819. In the non-HF cohort, we excluded patients who used loop diuretics, took aldosterone blockers, or had atrial fibrillation because it was deemed likely that many of these patients may have had HF as well, and use of β-blockers in this group thus may have affected the associations between β-blockers and outcomes in the non-HF cohort (the HF diagnosis is very specific but has a sensitivity of only 29% in the Danish National Patient Registry).
14 Because of a potential differential effect of β-blockers in patients with and without MI in the non-HF cohort, we identified patients with a previous MI based on ICD-8 code 410 or ICD-10 code I21. We grouped patients according to their most recent diagnosis of MI: 2 years or less, 2 to 5 years, and more than 5 years. The primary outcome was the 30-day risk of major adverse cardiovascular events (MACE), defined as acute MI (ICD-10 code I21), ischemic stroke (ICD-10 code I61), or cardiovascular death (ICD-10 codes I00-I99). The secondary end point was all-cause mortality within 30 days of surgery.
Ethics
The study was approved by the Danish Data Protection Agency. Registries were deidentified by Statistics Denmark but included a unique variable that enabled individual-level linkage between registries. t tests for discrete and continuous variables, respectively. We used the Kaplan-Meier method to create survival curves and the log-likelihood test to examine differences in survival. We used multivariable Cox proportional hazard regression analyses after adjustment for all variables in Table 1 to calculate the hazard ratios (HRs) associated with β-blocker treatment (a priori decided, irrespective of significance levels). We tested for differences in the association of β-blockers with outcomes between patients with and without HF by including a covariate interaction term in the model. Unless otherwise indicated, we analyzed all individuals in the same model and assessed the association of β-blockers with outcomes in different subgroups by use of dummy variables. The proportional hazards assumptions were evaluated visually by log minus log survival plots and found valid. To ensure that the results were not driven by major differences between the groups, we performed a sensitivity analysis using propensity scorematched subgroups, using the Greedy matching program (www.mayo.edu/research/documents/gmatch.sas/DOC -10027248). We calculated the propensity score based on calendar year for surgery and all variables in Table 1 , except for surgery type and urgent vs elective surgery. β-Blocker users were matched with nonusers on their propensity score, surgery type, and urgent vs elective surgery. P < .05 was considered significant for all statistical tests. No adjustment was made for the numbers of tests performed. All statistical analyses were performed using SAS, version 9.2 (SAS Institute).
Results
Of 387 Table 2) .
Overall, use of β-blockers preoperatively was associated with unadjusted HRs of 1.03 (95% CI, 0.92-1.14) for MACE and 0.94 (0.85-1.03) for all-cause mortality. Adjustment for multiple variables did not affect these estimates appreciably, with HRs of 0.90 (95% CI, 0.79-1.02) for MACE and 0.95 (0.85-1.06) for all-cause mortality.
Abbreviations: ACE, angiotensin-converting enzyme; ASA score, American Society of Anesthesiologists score; CABG, coronary artery bypass graft surgery; PCI, percutaneous coronary intervention. The adjusted HR associated with β-blocker treatment for MACE was significantly lower among patients with HF (0.78; 95% CI, 0.66-0.91) than among patients without HF (1.11; 0.92-1.33) (P < .001 for interaction). The HR associated with β-blocker treatment for all-cause mortality was also lower for patients with HF (0.82; 95% CI, 0.71-0.95) than for patients without HF (1.15; 0.98-1.35) (P < .001 for interaction).
When we restricted the analyses to the cohort of patients without HF, we found a trend toward a differential prognostic importance of β-blockers according to time elapsed from MI (P < .02 for interaction between MI groups and β-blockers for both analyses). Patients with a recent MI had lowered HRs for MACE associated with β-blocker treatment (0.54; 95% CI, 0.37-0.78) but not for all-cause mortality (0.80; 0.53-1.21) (Figure 1) . β-Blockers were associated with comparable effects in patients treated with and without percutaneous coronary interventions, as well as in those who did and did not receive a coronary artery bypass graft (P = .19 and .50 for MACE end points, and P = .41 and .67 for all-cause mortality). There were no differences in effects associated with β-blockers in men and women (P > .05 for interactions for MACE and all-cause mortality for all subgroups).
Association of β-Blockers With Outcomes in Specific Surgery Types
For patients with HF, the association of β-blockers with outcomes was similar for urgent and elective surgery, with HRs of 0.75 (95% CI, 0.63-0.89) and 0.86 (0.66-1.12) for MACE and 0.78 (0.67-0.92) and 0.95 (0.74-1.21) for all-cause mortality, respectively (P = .27 and P = .05 for interactions for MACE and all-cause mortality, respectively).
Similarly, for patients with an MI of 2 years or less without HF, the association of β-blockers with MACE was similar for urgent and elective surgery, with HRs of 0.48 (95% CI, 0.31-0.75) and 0.69 (0.39-1.22) (P = .29 for interaction), respectively, but differed for all-cause mortality (P = .02 for interaction). The association of β-blockers and lowered risk was greater among patients undergoing urgent surgery (HR, 0.64; 95% CI, 0.40-1.04) than among patients having elective surgery (1.26; 0.70-2.25). For patients without a recent MI (ie, no MI or MI >2 years before surgery), no differential effects of β-blockers were found between urgent and elective surgery for both end points, with HRs of 1.30 (95% CI, 1.00-1.69) and 1.31 (0.93-1.84), respectively (for interaction, P = .18 for MACE and P = .15 for all-cause mortality). For all groups, there was no evidence of a differential association of β-blockers with surgery risk (P > .05 for interactions between β-blockers and surgery risk).
Sensitivity Analyses
The Kaplan-Meier curves of the propensity score-matched cohorts are shown in Figure 2 , and baseline characteristics of the 4420 patients with HF and the 10 940 patients without HF are available in eTable 1 in the Supplement. For patients with HF, the results of the propensity score-matched analyses were similar to the results of the main analyses, with an adjusted HR for The effects associated with β-blockers differed in patients with and without heart failure (HF) (P < .001 for interactions between β-blockers and HF for both end points). Among the subgroup without HF, the hazard ratios associated with β-blockers were further dependent on a history of MI and time elapsed since the most recent MI (for interaction between β-blockers and MI categories, P < .001 for MACE and P = .02 for all-cause mortality). Analysis was adjusted for all variables from Table 1 plus calendar year for surgery. MACE indicates major adverse cardiovascular events (nonfatal ischemic stroke, acute myocardial infarction, and cardiovascular death); MI, myocardial infarction.
β-blocker treatment of 0.76 (95% CI, 0.62-0.92) for MACE and 0.83 (0.70-0.99) for all-cause mortality. For patients without HF, use of β-blockers was associated with HRs of 1.20 (95% CI, 0.95-1.52) for MACE and 1.26 (1.02-1.56) for all-cause mortality. Analyses of propensity score-matched subgroups of patients without HF but with a history of recent MI (≤2 years before index surgery), late MI (>2 years before index surgery), or no prior MI are shown in Figure 3 . Although not statistically significant, trends similar to the main analyses were found, with a tendency of lowered risks associated with β-blockers in patients with recent MI but no or increased risks associated with β-blockers in the other subgroups. Baseline characteristics of the 596 patients with an MI of 2 years or less, 3860 patients with and without β-blockers with an MI of more than 2 years, and 5778 patients without MI are available in eTable 2 in the Supplement.
Finally, we performed a sensitivity analysis without excluding the 8903 patients who had no registered HF but used loop diuretics, took aldosterone blockers, or had atrial fibrillation. Results similar to the main analyses were found. Overall, HRs associated with β-blocker treatment were 1.01 (95% CI, 0.92-1.12) for MACE and 1.00 (0.92-1.10) for all-cause mor- 
Discussion
This nationwide study of patients with ischemic heart disease undergoing noncardiac surgery suggests that perioperative use of β-blockers lowers the risks of MACE and all-cause mortality among patients with HF or a recent MI. Among patients with ischemic heart disease with neither HF nor recent MI, however, there was no evidence of an effect of β-blockers on the perioperative outcomes in our study.
Current US guidelines recommend that patients who use β-blockers preoperatively should continue treatment during surgery and state that it is reasonable to initiate treatment with β-blockers before intermediate-or high-risk noncardiac surgery (with the dose titrated to control blood pressure and heart rate) in patients with established coronary artery disease. 15 The European guidelines are a bit more aggressive and recommend β-blockers to all patients with known ischemic heart disease. 3 These recommendations are based on only a few clinical trials, one of which has recently been called into question. 16 A systematic review of the effect of perioperative β-blockers, including 11 randomized trials, found that β-blockers significantly decreased ischemic episodes and significantly reduced the risk of nonfatal MI, but when the 2 most positive trials 16, 17 were excluded, the results became neutral. 13 Another systematic review of 22 clinical trials concluded that the evidence by perioperative β-blockers for a reduction of major cardiovascular events was suggestive but not conclusive. 18 Both reviews found that the use of β-blockers significantly increased the risk of bradycardia, and 1 study also found an increased risk of hypotension. 18 The potential for some risks, coupled with weak evidence for benefit from β-blockers among stable patients without HF or MI, calls into question the recommendation for the universal use of β-blockers among patients with coronary disease. The PeriOperative ISchemic Evaluation (POISE) trial, which randomly assigned patients with or at high risk of atherosclerotic disease undergoing noncardiac surgery to extended-release metoprolol succinate or placebo, found an even higher rate of all-cause mortality among patients receiving metoprolol (3.1% vs 2.3%). 10 However, the POISE trial has been criticized for using a high dose of metoprolol (200 mg/d), which makes it difficult to translate the results into everyday clinical practice. Our finding that the association of β-blocker with MACE was modified significantly by the presence of HF or a recent MI offers a potential explanation for the inconsistent effect of β-blockers on outcomes in prior studies. Whereas the effect of β-blockers for reducing mortality among patients with HF or a recent MI is well established, [4] [5] [6] this effect in patients with stable ischemic heart disease has been questioned lately. 7 Our data show a similar pattern among patients undergoing noncardiac surgery, with β-blockers associated with reduced risk among patients with HF or a recent MI but not among the remaining lower-risk patients with coronary disease. Our findings are in agreement with those of a previous observational study, which found that β-blockers were associated with no benefit and even with harm among patients with the lowest cardiac risk. 19 
Strengths and Limitations
The main strength of this study is that it is based on a large representative population, including all noncardiac surgical procedures performed in Denmark during a 6-year period. Nevertheless, some subgroup comparisons were based on rather small numbers of individuals, and therefore a type II error cannot be excluded.
The national registries used in this study have been shown to have a good specificity and positive predictive values of the MI and ischemic stroke diagnoses. 20, 21 However, the validity of the ischemic heart disease diagnosis is not known, and we had no information on the presence of inducible ischemia in our population. For the present study, the use of β-blockers was identified by claimed outpatient prescriptions, and we had no data on the use of β-blockers in the hospital. Furthermore, we did not have the exact indications for treatment with β-blockers or the doses used or whether patients had been adherent to the medication. A final limitation was that measures of troponins and electrocardiograms were not performed routinely postoperatively, and some nonfatal acute MIs may have been missed. 22 However, the mortality associated with missed postoperative MIs is high and would to some extent be reflected in the mortality analyses, 22 but the MACE end point still needs to be interpreted carefully.
In conclusion, use of β-blockers among patients with ischemic heart disease and HF or recent MI undergoing noncardiac surgery is associated with a substantially decreased risk of major adverse cardiovascular events and all-cause mortality within 30 days after surgery.
